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Abstract 

Introduction: Preeclampsia is a major cause of maternal and prenatal mortali- 
ty and morbidity worldwide. There are some risk factors that are of great value 
for prediction of preeclampsia by which the practitioners can counsel women 
regarding this disease. The aim of this study was to analyze the role of such risk 
factors as the predictors associated with preeclampsia among Iranian women 
using logistic regression. 

Material and methods: The role of some risk factors such as demographic, 
anthropometric, medical and obstetrics variables in preeclampsia among 
610 women attending the obstetric ward of Mustafa hospital in llam in the west 
of Iran was analyzed from May to September 2010. All the pregnant women 
referred to this hospital participated in the study except those cases that had 
abortion. Unvaried and Multiple logistic regression analyses were used to find 
the predictive factors behind preeclampsia. Standard errors of area compute 
using nonparametric methods. A p-value of 0.05 was considered statistically 
significant. 

Results; Prevalence of preeclampsia was 9.5% (95% CI 7.4-11.6%). Predictive 
model build using history of preeclampsia, history of hypertension, and histo- 
ry of infertility. Area Under the Receiver Operation Character (AUROC) was esti- 
mated 0.67 (95% CI 0.59-0.67, p < 0.01) that showed that using the model is 
much better than having a guess. 

Conclusions: The odd of preeclampsia increased in women with a history of 
preeclampsia, hypertension and infertility. Recognition of these predictor fac- 
tors would improve the ability to diagnose and monitor women likely to devel- 
op preeclampsia before the onset of disease for timely interventions. 

Keywords: independent predictive factors, preeclampsia, risk factors. 



Introduction 

Preeclampsia (PE) is a pregnancy-specific syndrome [1] and it is char- 
acterized by the new onset of hypertension and proteinuria after the 20*^ 
week of gestation in women who previously were normotensive [2]. 
Preeclampsia complicates about 3% of all pregnancies [3]. Although the 
estimated incidence of PE is 6-10% of all pregnancies in the United States, 
the incidence is believed to be even higher in underdeveloped countries 
[4] and the studies estimate even a higher rate for countries like Iran, even 
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though there are different incidence rates reported 
[5, 6]. Preeclampsia is a major cause of maternal 
and prenatal mortality and morbidity [7]. Previous 
studies indicated that PE increases the risl< of lat- 
er cardiovascular disease [8] and increases the over- 
all risk of cancer [9]. There is significant progress 
towards a comprehensive understanding of the 
cause of PE and the contribution of circulating fac- 
tors [10, 11]. Recent studies have indicated the 
involvement of hemoglobin (Hb)-induced oxidative 
stress in the development of PE. Also increased lev- 
els of free fetal hemoglobin (HbF), total Hb, and 
markers for oxidative stress as well as the heme- 
scavenger and antioxidant endogenous protein 
1-microglobulin (AIM) have been found to be ele- 
vated at term in both plasma and placenta from wo- 
men with PE [12]. A burst of oxidative stress occurs 
in the normal placenta as the maternal circulation 
is established that may serve a physiological role 
in stimulating normal placental differentiation, but 
may also be a factor in the pathogenesis of PE and 
early pregnancy failure if antioxidant defenses are 
depleted [13]. Studies have suggested several risk 
factors for PE including nulliparity family or own 
history of PE, diabetes, body mass index (BMI) high- 
er than normal, multiple pregnancy, maternal age 
(less than 20 or greater than 35 years), renal dis- 
ease, hydatidiform mole, hydrops fetalis, oocyte 
donation or donor insemination, chronic hyperten- 
sion and chronic autoimmune disease [14-16]. 
Multiple logistic regression analysis showed that 
the history of PE in previous pregnancy (OR = 23.7, 
p < 0.001) and familiar history of PE (OR = 1.62, 
p < 0.08) and BMI (OR = 1.60) were the main risk 
factors for PE [17]. Preeclampsia biochemical mark- 
ers in general and first trimester PE biochemical 
markers specifically have been investigated. Cate- 
gories including angiogenic/antiangiogenic factors, 
placental proteins, HbF, kidney markers, ultrasound 
and maternal risk factors were described. The spe- 
cific biochemical markers discussed were PAPP-A, 
s-Flt-l/PIGF, s-endoglin, PP13, cystatin-C, HbF, 
and al-microglobulin (AIM). PAPP-A and HbF both 
show potential as predictive biochemical markers 
in the first trimester with 70% sensitivity at 95% 
specificity However, PAPP-A was not PE-specific and 
needs to be combined with Doppler ultrasound to 
obtain the same sensitivity as HbF/AlM. It has been 
proposed that soluble Flt-1 and PIGF are promising 
biochemical markers that together show high sen- 
sitivity from the mid-second trimester though PIGF 
is somewhat useful from the end of the first 
trimester [12]. The concept of a two-stage model of 
PE that was originally introduced by Redman et at. 
could be a helpful means to predict PE as a two- 
stage disorder. The first stage was reduced placen- 
tal perfusion that led to the maternal syndrome, 
stage 2. There are some modifications made by 



Roberts et ai to this two-stage model that have 
important implications [18]. Evidence that placen- 
tation is abnormal earlier in pregnancy may pro- 
vide a better opportunity for therapeutic interven- 
tions to prevent stage 2. Evidence that not all 
pregnancies associated with abnormal implanta- 
tion (at least as measured by uterine artery Doppler 
and placental markers) have abnormal pregnancy 
outcomes suggests a search for what is different in 
these pregnancies. The two-stage model as modi- 
fied remains useful conceptually to approach stud- 
ies of PE and other implantation disorders [18]. 

As PE remains a serious and poorly understood 
complication of pregnancy, it is necessary to rec- 
ognize the epidemiological and clinical risk factors 
to predict the disease before it threatens the sur- 
vival of both the mother and the fetus. The pres- 
ent study was conducted to determine the predic- 
tive factors for PE, in Iranian women referred to the 
Mustafa Hospital of Ham, Iran. 

Material and methods 

The role of demographic, anthropometric, med- 
ical and obstetrics variables in prediction of PE 
among women attending the obstetric ward of the 
Mustafa Hospital of Ham in the west of Iran, from 
May 2010 to September 2010, was evaluated. All 
the pregnant women who were referred to the hos- 
pital during that period participated in the study 
except those who had an abortion. Sample size was 
calculated according to systematic random sam- 
pling where P (prevalence of PE) was 10% and max- 
imum estimate error was 2.4%. 

Subjects were divided into two groups: women 
without PE and women with PE at the time of refer- 
ring to the hospital. Preeclampsia was defined by 
the International Society for the Study of Hyper- 
tension in Pregnancy (ISSHP) as a multi-system dis- 
order unique to human pregnancy characterized by 
hypertension and involvement of one or more oth- 
er organ systems and/or the fetus. A diagnosis of 
PE can be made when hypertension arises after 
20 weeks gestation and is accompanied by one or 
more of the following: urine protein/creatinine ratio 

> 30 mg/mmol, serum or plasma creatinine 

> 90 nmol/1, oliguria, thrombocytopenia, hemoly- 
sis, disseminated intravascular coagulation, raised 
serum transaminases, severe epigastric or right 
upper quadrant pain, severe headache, persistent 
visual disturbances (photopsia, scotomata, corti- 
cal blindness, retinal vasospasm), stroke, pul- 
monary edema, fetal growth restriction, placental 
abruption [19]. 

Statistical analysis 

Results are expressed as mean ± standard devi- 
ation. Kolmogorov-Smirnov test was used to test 
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the normality in continues variables. Independent 
f-test was used to compare the mean BMI and age 
in two groups (with PE vs. without PE). Chi-square 
(x^) test was used to explore the relationship 
between occupation, type of pregnancy, type of the 
previous delivery, contraceptive method and PE. 
Both univariate and multiple logistic regression 
analyses were used to indicate the association 
between the dependent (with PE vs. without PE) 
and independent variables. The forward likelihood 
ratio (LR) method was used to choose the best mul- 
tivariate logistic regression model in independent 
variables such as education, BMI, number of preg- 
nancies, abortion and parity. Predicted probability 
for PE was computed using the multivariate logis- 
tic model. AUROC was applied to compare the accu- 
racy of the model. A p-value less than 0.05 was con- 
sidered as the significance level. All the statistical 
analyses were performed using SPSS package ver- 
sion 16. 

Measures 

Data collection and examinations were carried 
out by a face-to-face interview that was carried out 
by a trained midwife. Demographic data including 
age, education, and occupation and anthropomet- 
ric data including weight and height were assessed. 
Height and weight were measured employing Seca 
220 (Germany) by a trained researcher when the 
subjects were minimally clothed without shoes 
before pregnancy or during the first trimester of 
pregnancy. The body mass index was calculated 
based on the heights and the weights (BIVll = 
weight (kg)/(height (m)^). Based on BMI, women 
were grouped into different categories as recom- 
mended by the National Centre for Education in 
Maternal and Child Health. The clinical measures 
including the history of pregnancy, abortion, parity 
and medical conditions such as chronic hyperten- 
sion, diabetes mellitus and renal disease were col- 
lected by an observational interview. 

Ethics 

The Ethics Committee of Ham University of Med- 
ical Sciences approved the study design. Written 
informed consent was obtained from the partici- 
pants after comprehensive explanation of the pro- 
cedure involved. 

Results 

In total 610 pregnant women participated in the 
study excluding those who had an abortion or were 
under 20 weeks of gestational age. 90.5% of all par- 
ticipants were normal while 9.5% (95% CI 7.4-11.6%) 
had PE (1.3% mild and 8.2% severe). The socio- 
demographics, medical, obstetric and antenatal 
characteristics of all the participants are presented 



in Table 1. A significant relationship was found 
between education and PE so that the risk of PE 
increased 4 times in the illiterate women compared 
to the women with an academic education. The 
mean age of the participants with PE was 28 ±5.3 
and 28.9 ±4.8 for the normal group. There were no 
significant differences for the mean age between 
the two groups (p = 0.170). The results obtained 
from the logistic regression analysis indicated that 
there was no significant relationship between age 
and PE (OR = 0.96, p = 0.17). 

Independent samples f-test indicated that there 
was no significant difference for the BMI of the 
two groups. There was no statistical significance 
observed between the occupation, type of preg- 
nancy, type of previous delivery, contraceptive 
method and PE (Table I). 

Univariate logistic regression analysis showed 
that there was a significant association between 
PE and education (OR = 4.05 illiterate vs. academ- 
ic), history of PE (OR = 7.7), history of hypertension 
(OR = 1.38) and history of infertility (OR = 3.03) 
(Table II). 

With the multivariate logistic regression analy- 
sis, history of PE (OR = 5.46), history of hyperten- 
sion (OR = 2.34), and history of infertility (OR = 2.76) 
were considered as independent predictive vari- 
ables for PE (Table 111). The multivariate logistic mod- 
el for the probability of PE and the other covariates 
was estimated as: In (p/1 -p) = 0.74-1.016 priori 
inferertility; 0.72 chronic hypertension; 1.69 prior 
preeclampsia, where p is probability of occurrence 
of PE. The coefficients of the logistic regression 
model showed that history of PE was the most 
important variable to predict PE. To compute the 
overall percentage of correct classification of the 
model, predicted values were compared to the 
observed values. Overall percentage of correct clas- 
sification of the model was 90.7%. It means that, 
knowing the history of PE, hypertension, and infer- 
tility, the ability of the model to predict the actual 
category of the cases is 90.7%. The AUROC criteri- 
on was used to compute both the sensitivity and 
the specificity of the model. AUROC was estimated 
to be 0.67 (95% CI 0.59-0.76, asymptotic signifi- 
cance p < 0.001). The area under the curve repre- 
sents the probability that the model predicted for 
a randomly chosen positive case will exceed the 
result for a randomly chosen negative case. The 
asymptotic significance is less than 0.05, which 
means that using the model is a good means to pre- 
dict PE (Figure 1). 

Discussion 

There was no significant relationship between 
maternal age and PE (P = 0.17), which is in agree- 
ment with the results of some studies [20, 21] while 
it was different from the results observed by anoth- 
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Table I. Comparison of characteristics between groups 



Characteristic 


Groups 


Value 
of p 




Normal Preeclampsia 
(n = 552; (n = 58; 
90.5%) 9.5%) 


BMI [kg/m2] 




0.236 


Lightweight (>19.8) 


61 (16.95%) 7 (20.59%) 




Normal (19.8-25.9) 196 (54.45%) 20 (58.81%) 


Overweight (26-29) 56 (15.55%) 1 (2.94%) 


Obese (< 29) 


47 (13.05%) 6 (17.64%) 




Education 




0.041 


Illiterate 


37 (6.70%) 10 (17.24%) 




Reading and writin 


I 53 (9.60%) 4 (6.9%) 




Primary 


75 (13.59%) 4 (6.9%) 




Secondary school 
education 


87 (15.77%) 7 (12.06%) 




High school 


240 (43.48%) 29 (50%) 




Academic 


60 (10.86%) 4 (6.9%) 




Occupation 




0.090 


Homemaker 


533 (97.26%) 52 (92.86%) 




Employed 


15 (2.74%) 4 (7.4%) 




Pregnancy 




0.001 


Primigravida 


267 (48.55%) 27 (46.55%) 




2-5 pregnancies 


247 (44.91%) 29 (50%) 




> 5 pregnancies 


36 (6.54%) 2 (3.45%) 




Type of pregnancy 




0.610 


Accepted 


442 (80.07%) 45 (77.59%) 




Unwanted 


110 (19.93%) 13 (22.41%) 




Prenatal care 




0.003 


Partially done 


8 (1.45%) 1 (1.72%) 




Completed 


542 (98.55%) 57 (98.28%) 




Abortion 




0.024 


Without 


481 (88.26%) 50 (86.20%) 




1 Abortion 


59 (10.82%) 5 (8.62%) 




2 Abortions 


5 (0.92%) 3 (5.18%) 




Parity 




0.022 


Primiparous 


270 (49.54%) 30 (51.72%) 




2-5 parity 


261 (47.89%) 28 (48.28%) 




> 5 parity 


14 (2.57%) 0 (0%) 





er study [22]. Such difference could be due to the 
nature of the population-based and the hospital- 
based studies. 

Although in our study there was not a significant 
relationship between BMI and PE, another study 
reported opposite results [21, 22]. This study deter- 



Characteristic 


Groups 


Value 
of p 




Normal Preeclampsia 
(n = 552; (n = 58; 
90.5%) 9.5%) 


New born gender 




0.430 


Male 


296 (54.81%) 27 (47.36%) 




Female 


244 (45.18%) 30 (53.64%) 




Contraceptive method 


0.202 


Contraceptive pill 


254 (57.20%) 17 (32.07%) 




Condom 


60 (13.51%) 8 (15.09%) 




lUD 


13 (2.93) 2 (3.77%) 




DMPA 


7 (1.58%) 2 (3.77%) 




Withdrawal 


87 (19.60%,) 11 (20.75%) 




No method 

of contraception 


23 (5.19%) 13 (24.54%) 




History of infertility 




0.004 


Yes 


44 (8.07%) 12 (20.69%) 




No 


505 (91.93%) 46 (79.31%) 




Relative of the partn 


er 


0.513 


Yes 


148 (26.96%) 16 (27.58%) 




No 


401 (73.04%) 42 (72.41%) 




Medical disorders 
cardiovascular disease 


0.402 


Yes 


9 (1.64%) 0 (0%) 




No 


540 (98.36%) 58 (100%) 




Diabetes mellitus 




0.532 


Yes 


45 (8.2%) 5 (8.62%) 




No 


504 (91.8%) 53 (93.38%) 




Immune disorders 


Yes 


0 (0%) 0 (0%) 




Renal disorders 




0.424 


Yes 


57 (10.38%) 8 (13.8%) 




No 


492 (89.62%) 50 (86.2%) 




History of hypertension 


0.001 


Yes 


50 (0.91%) 14 (24.13%) 




No 


499 (99.09%) 44 (75.87%) 




History of preeclampsia 


< 0.001 


Yes 


23 (4.21%) 15 (25.86%) 




No 


523 (95.79%) 43 (74.14%) 





mined that histories of PE, hypertension and infer- 
tility are important predictive factors for PE. Our 
study population consisted of 610 women, includ- 
ing 38 women who had a history of PE and 572 wo- 
men with no history of PE. A strong relationship 
between the history and the recurrence risl< of PE 
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Table II. Association between preeclampsia and other variables using univariate logistic regression analysis 



Variable 


B 


S.E. 


OR (95% CI) 


Value of p 


Education 


Illiterate 


1.40 


0.63 


4.05 (1.18-13.86) 


0.026 


Reading and writing 


0.12 


0.73 


113 (0.270-4.75) 


0.865 


Primary 


-0.22 


0.73 


0.8 (0.19-3.33) 


0.759 


Secondary school 


0.19 


0.65 


1.21 (0.34-4.30) 


0.772 


High school 


-2.71 


0.52 


1.81 (0.61-5.35) 


0.282 


Academic 




1.0 


0.059 




History of preeclampsia 








< 0.001 


Yes vs. no 


2.1 


0.36 


7.70 (3.8-16.6) 




History of hypertension 








0.001 


Yes vs. no 


1.15 


0.341 


3.17 (1.62-6.2) 




History of infertility 








0.002 


Yes vs. no 


1.1 


0.67 


3 (1.49-6.1) 




CI - confidence interval 










Table III. Association between preeclampsia and other variables using 


multivariate logistic regression analysis 


Variable 


e 


S.E. 


OR (95% CI) 


Value of p 


History of preeclampsia 
Yes vs. no 


1.697 


0.402 


5.46 (2.48-12.1) 


< 0.001 


History of hypertension 
Yes vs. no 


0.729 


0.389 


2.34 (1.034-4.4) 


0.001 


History of infertility 
Yes vs. no 


1.016 


0.382 


3.07 (1.3-5.8) 


0.002 



CI - confidence interval 



29.1% in women who had a previous delivery at 29- 
32 weel<s [23]. Chronic hypertension is a common 
problem in developing countries in non-pregnant 
women and increases the incidence of PE [21]. We 
found that chronic hypertension is one of the main 
determinants of PE in our population, as women 
with a history of hypertension had 1.38 times the 
risk of PE compared to the normal women. Our 
observation is in agreement with the results of sev- 
eral other studies [14, 16, 24]. In another study the 
prevalence of chronic hypertension was higher in 
women who developed PE than women who did not 
(12.1% vs. 0.3%) [7]. Odegard et al. in a nested case- 
control study compared 323 preeclamptic women 
with 650 healthy women, finding that the risk of 
development of PE in later pregnancy is signifi- 
cantly higher in women with systolic blood pressure 
> 130 mm Hg compared to blood pressure < 110 
mm Hg at the first visit before 18 weeks (OR = 3.6, 
95% CI = 2.0-6.6) [25]. 

In the present study, 66 (10.81%) of all partici- 
pants were pregnant with assisted reproductive 
technology. The multivariate logistic regression 
analysis revealed an increased risk of PE in women 
who had been treated for infertility (OR = 3.07; 




l-Speclfldty 

Figure 1. ROC of predicted probabilities of multivari- 
ate logistic model 

has been reported by many researchers [5, 14, 17, 
23]. Some studies reported that 65% of all studied 
women with a history of PE at the second trimester 
showed recurrent PE at their subsequent pregnan- 
cies [4]. In another study the recurrent risk of PE was 
inversely related to the gestational age at the first 
delivery and it was 38.6% in women whose previ- 
ous delivery was less than 28 weeks compared to 



688 



Arch Med Sci 4, August / 2013 



Predictive factors for preeclampsia in pregnant women: a Receiver Operation Ciiaracter approacli 



95% CI 1.3-5.8). This finding of the current study is 
in agreement with the finding of another study [26]. 

There are several causative factors for infertility 
among which polycystic ovary disease is common. 
Women who have an increased risk of PE as well 
as a higher incidence of metabolic disturbances that 
have been associated with PE are also at risk of 
infertility [27]. In a study, the risk of PE was esti- 
mated in 20 846 primiparous women according to 
the history of spontaneous and induced abortions. 
The results of this study showed that although 
there was not a significant association between 
miscarriage and PE, the risk of PE was increased in 
women with a history of infertility [28]. 

In conclusion, in view of the above findings, there 
are several risk factors for PE. It seems that histo- 
ry of PE, hypertension and infertility are some inde- 
pendent predictive variables. It is concluded that 
pregnant women at risk of PE should be identified 
and high-quality antenatal care should be given in 
order to minimize the complications of PE both for 
the mother and the fetus. 
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